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20. Abstract

Pursuant to Public Law 92-367, Phase I Inspection Reports are prepared
under guidance contained in the recommended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers,
Washington, D. C. 20314. The purpose of a Phase I Inspection is to
identify expeditiously those dams which may pose hazards to human life
or property. The assessment of the gereral conditions of the dam is
based upon available data and visual inspection. Detailed investigation
and analyses involving topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended to idenify
any need for such studies.

Based upon the field conditions at the time of the field inspection and
all available engineering data, the Phase I report addresses the
hydraulic, hydrologic, geologic, geotechnic, and structural aspects of
the dam. The engineering techniques employed give a reasonably accurate
assessment of the conditions of the dam. It should be realized that
certain engineering aspects cannot be fully analyzed during a Phase I
inspection. Assessment and remedial measures in the report include the
requirements of additional indepth study when necessary.

Phase I reports include project information of the dam appurtenances, all
existing engineering data, operational procedures, hydraulic/hydrologic
data of the watershed, dam stability, visual inspection report and an
assessment including required remedial measures.
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PREFACE

This report is prepared under guidance contained in the Recoimended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of the Chief
of Engineers, Washington, D.C. 20314. The purpose of a Phase I investi-
gation is to identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general condition of the
dam is based upon available data and visual iiispections. Detailed in-
vestigation and analyses involving topographic mapping, subsurface
investigations testing, and detailed computational evaluations are beyond

the scope of a Phase I investigation; however, the investigation is
intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions at the
time of inspection along with data available to the inspection team. In
cases where the reservoir was lowered or drained prior to inspection, such

* action, while improving the stability and safety of the dam, removes the
normal load on the structure and may obscure certain conditions which
might otherwise be detectable if inspected under the normal operating
environment of the structure.

14 It is important to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions, and is
evolutionary in nature. It would be incorrect to assume that the present
condition of the dam will continue to represent the condition of the dam
at some point in the future. Only through continued care and inspection
can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established guidelines,
the spillway design flood is based on the estimated "Probable Maximum
Flood" for the region (flood discharges that may be expected from the
most severe combination of critical meteorologic and hydrologic conditions
that are reasonably possible), or fractions thereof. Because of the
magnitude and rarity of such a storm event, a finding that a spillway
will not pass the design flood should not be interpreted as necessarily
posing a highly inadequate condition. The design flood provides a
measure of relative spillway capacity and serves as an aide in
determining the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the downstream
damage potential.



PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

BRIEF ASSESSME T OF DAM

Nam of Dam: Upper Apple Mountain Dan and Lover Apple Mountain Dan
State: Virginia
Location: Warren County
USGS Quad Sheet: Linden
Strm: Oregon Hollow Run

of Inspection: March 19, 1981

Upper and Lower Apple Mountain Dams are two impounding structures with the
tailwater of the Upper Dam being the reservoir water surface of the Lover

SDam. The Upper Dam is an earthen embankment about 351 feet long and 34.5 feet
high, while the Lower Lake Dam is an earthen embankment about 377 feet long
and 32.9 feat high. -The dams are owned and maintained by the Apple Mountain
Lake Property Owners haon. The dams are classified as small dam with
a hazard classification of significant based on location. The emergency
spillway for each dam is an earthen channel located at the left abutment of
each dam.

Based on criteria established by the Department of the Army, Office of the
Chief of Engineers (OCE), the Spillway Design Flood (SDF) is the 100-year
flood for each. The emergency spillway of the upper dam will pass 6 percent
of the PMF and 100 percent of the SDF without overtopping while the lower dam
will pass 4 percent of the PMF and 100 percent of the SDF without
overtopping. Therefore, the spillway of each dam is adjudged as adequate. . _

The visual inspection revealed no apparent problems or remedial measures
in need of imediate attention. There is no formal regular maintenance
operation program or warning system, and it is recommended that a formal
maintenance program and warning system be established. The maintenance items
listed in Section 7.2 should be accomplished as a part of the regular
maintenance program within the next 12 months.

Submitted By: Approved:

Original signed by' Original signed by:
Carl S. Anderson, Jr. Douglas L. Bailor

CARL S. ANDERON, P. E. DOUGLAS L. HALLER
Acting Chief, Design Branch Colonel Corps of Engineers

Commander and District Engineer

Recommended By Date: JUL I 8 1981
Original signed by

JACK 0. STARR

JACK 0. STARR
Chief, Engineering Division
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SECTION 1
PROJECT INFORMATION

1.1 GENERAL:

1.1.1 Authority: Public Law 92-367, 8 August 1972, authorized the
Secretary of the Army, through the Corps of Engineers to initiate a
National Program of Safety Inspections of Dams throughout the United
States. The Norfolk District has been assigned the responsibility of
supervising the inspection of dams in the Commonwealth of Virginia.

1.1.2 Purpose of Inspection: The purpose is to conduct a Phase I
inspection according to the Recommended Guidelines for Safety Inspection
of Dams (Reference 1, Appendix IV). The main responsibility to to
expeitiously identify those dams which may be a potential hazard to human
life or property.

1.2 Project Description:

1.2.1 Dam and Appurtenances: Upper and Lower Apple Mountain Dam are
two impounding structures with the tailwater of the Upper Dam being the
reservoir water surface of the Lower Dam. The Upper Dam is an earthen
embankment about 351 feet long 1/, 34.5 feet high 2/ crest width of
13 feet and a minimum crest elevation of 823.2 KSL_ adjacent to the
emergency spillway. The right abutment elevation of the Upper Dam is
823.8 MSL. The crest rises uniformly from the right abutment to a maximum
elevation of 824.3 MSL at Station 3+00 (measured from the left abutment).
The upstream embankment face has a slope of 2.2 horizontal to 1.0 vertical
(2.2H:lV); the downstream face slopes 2.5H:2V.

The Lower Dam is an earthen embankment about 377 feet long, 32.9 feet
high, crest width of 14.5 feet and a minimum crest elevation of 792.9 MSL
adjacent to the emergency spillway. The Lower Dam crest does not have a
uniform elevation; from Station 0+17 (as measured from the left abutment)
with an elevation of 792.9 MSL, the crest rises to elevation 793.8 MSL at
Station 1+00, drops to elevation 793.3 MSL at Station 3+00, then rises
again to elevation 793.6 MSL at Station 4+00. The upstream face of the
embankment has a slope of 2.2 horizontal to 1.0 vertical (2.2H:lV); the
downstream face slopes 2.5H:1V.

11 Dam length is measured from natural ground at the left abutment to
* natural ground at the right abutment. The width of the emergency spillway

is not considered part of the dam length.

2/ Dam height based on the difference is elevation between the streambed
7t the toe of the dam and the maximum height of the crest.

3/ TIM (Temporary Bench Mark) - Top of a two foot concrete masonry wall
Tocated on the right abutment area. This elevation was assumed to be
100.0 feet for the survey and was later correlated to the U.S.C.S. quad
sheet to simplify hydrology calculations.

1-1
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It is unknown whether either the Upper or Lower Dam has foundation
drainage. There were no foundation drain outlets visible. It has
been reported that both dams were constructed with the benefit of a
cutoff trench. There is no slope protection on either dam.

The principal spillway intake for the Upper Dam consists of 18-inch
corrugated metal pipe (QIP), invert elevation 820.0 MSL, protected by
a 24-inch corrugated metal pipe (CMP) trash guard located at the
water's edge on the upstream face at Station 2+00. The principal
spillway outlet of the Upper Dam is a 12-inch CIP, invert elevation
789.8 MSL, that discharges at the dam toe into a marsh area in the
upper reaches of the lower reservoir.

The principal spillway intake for the Lover Dam consists also of an
18-inch CIP riser, invert elevation 789.7 MSL, protected by a 24-inch
guard about 10 feet out into the reservoir at Station 1+25 on the*1 upstream face. The principal spillway outlet of the Lower Dam is a12-inch corrugated metal pipe, invert elevation 761.7 MSL, that

discharges into a small stilling basin at the toe of the Lover Dam.

The emergency spillway for the Upper Dam consists of an earthen
side channel located at the left abutment with an average width of 6
feet and an average control section elevation of 822.1 MSL.

The emergency spillway for the Lower Dam consists of an earthen
side channel located at the left abutment with an average width of 5
feet and an average control section elevation of 792.3 MSL.

1.2.2 Location: Apple Mountain Dams are located 4 miles east of
Front Royal, Virginia and one mile northwest of the exit for Linden,
Virginia on 1-66.

1.2.3 Size Classification: Both the Upper and Lower Dams are
classified as small size structures on the basis of their height.

1.2.4 Hazard Classification: A few occupied structures are
located in the valley below the dams. Therefore, a significant hazard
classification is given for these structures according to guidelines
contained in Section 2.1.2 of Reference 1, Appendix IV. The hazard
classification used to categorize dams is a function of location only
and has nothing to do with their stability or probability of failure.

1.2.5 Ownership: The dams are owned by the Apple Mountain Lakes

Property Owners Association, Incorporated.

1.2.6 Purpose: The dams (reservoirs) are used for recreation of
the property owners in Apple Mountain Lake Subdivision.

1-2
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1.2.7 Design and Construction History: The design of the dams
is unknown but were built by Price Itadin Corporation (First American
Group) with completion in 1973. The name of the actual contractor can

K not be verified, but it has been reported that the dams were
constructed by Moore, Kelly, and Reddish.

1.2.8 Normal Operational Procedures: Water from both the Upper
and Lower reservoirs passes through the principal spilways as the
reservoir rises above the intakes. In case the reservoirs rise above
the crest of either emergency spillway, the water would then
automatically pass through the emergency spillways as required.

1.3 Pertinent Data:

1.3.1 Drainage Area: The Upper Dam controls 0.08 square miles
and the Lower Dam controls flow from the upper dam and 0.02 squaremiles of local area around the lower reservoir.

1.3.2 Discharge at Dam Site: Maximum flood unknown.

1.3.3 Dam and Reservoir Data: Pertinent data on the dam and
reservoir are shown in the following table:

TABLE 1.1 DAM AND RESERVOIR DATA

UPER DAM (ID No. VA. 18711)

.- Reservoir
Elevation Capacity
Feet Area Acre Watershed Length

Item MSL (ac) (ft) (in) (mi)

Top of Dam
Highest Point 824.3 1.61 24.8 5.8 .1
Lowest Point 823.2 1.44 22.5 5.3 .1
Emergency Spillway
Crest 822.1 1.35 21.0 4.9 .1

Principal Spillway
Crest 820.0 1.15 17.3 4.1 .1

Stream at Downstream
Toe of Dam 789.7 --. .. -

1-3
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TABLE 1.1 DAM AND RESERVOIR DATA

continued

LOWER DAM (ID No. VA 18709)

Reservoir
Elevation Capacity

Feet Area Acre Watershed Length
Item 14SL (ac) (ft) (in) NOi

Top of Dam
Highest Point 793.8 2.8 42.0 7.9 .1
Lowest Point 792.9 2.7 40.1 7.5 .1
Emergency Spillway
Crest 792.3 2.6 38.0 7.1 .1

* Principal Spillway
Crest 789.7 2.3 32.0 6.0 .1

* Stream at Downstream
Toe of Dam 760.9 ----- -

1-4



.] SECTION 2

ENGINEERING DATA

2.1 DESIGN: There is no know design Information.

2.2 CONSTRUCTION: There are no known construction records.

2.3 EVALUATION: There i insufficient information to evaluate
foundation conditions and embankmsnt stability.

42-
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SECTION 3

VISUAL INSPECTION

3.1 Findins:

3.1.1 General: The results of the 19 March 1981 are recorded in
Appendix III. The weather was overcast, temperature 35"7, ground condition
moist due to light snow the previous day and snow showers earlier that
morning. This inspection consisted of two embankments, an Upper Dam and
Lower Dam. The upper reservoir pool elevation was at 819.8 XSL with a
principal spillway consisting of a riser and conduit through the embankment.
An 18-inch corrugated metal pipe makes up the vertical drop inlet riser
connected to a 12-inch corrugated metal pipe passing through the embankment
at a low level and discharging into a small marsh area serving as the
headwaters of the lower reservoir. The emergency spillway is an earthen
channel located at the left abutment.

The lower reservoir pool elevation was at 787.6 MSL, two feet below the
principal spillway crest. The principal spillway consists of a riser and
conduit through the embankment. An 18-inch corrugated metal pipe makes up
the vertical drop inlet riser connected to a 12-inch corrugated metal pipe
passing through the embankment at a low level discharging into a small plunge
pool. The emergency spillway of the lower reservoir is an earthen channel
located at the left abutment. There are no known prior inspections of either
dam.

3.1.2 Embankment: The embankments of both the upper and lower
reservoirs were in good condition. Sketches showing the plan views, crest
profiles and cross secttons are provided as Plates II and III in Appendix I.
Pictures of the dams are provided in Appendix IT.

The upper embankment did not have any signs of surface cracks, sloughing,
or misalignment although there was minor erosion and bare areas.

There was no visible riprap on the upstream face. The crest of the upper
embankment is crowned toward the center such that it t higher than each
abutment. A wet spot was identified as a suspected spring near the foot path
at the right abument, another suspected seep was found at the toe in a marshy

4 area extending from the base of the left abutment, one-third across the
downstream face toward the right abutment. The upstream and downstream
slopes have a fair covering of grass with some underbrush, with eaplings of
locust and sumac as well as honeysuckle and briers. An extensive growth of
cattails is at the downstream toe. The foundation appeared stable while it
was presumed that materials used to construct the dam ware from local borrow
areas which appear to be residual silts and silty clays.

The lower embankment did not have any signs of surface cracks, sloughing
or misaligment although there was erosion at the right abutment contact on
the downstream face caused by hillside runoff. One animal burrow was
observed next to the outlet. There was no visible riprap on the upstream
face. The crest of the lower embankment did not have a uniform elevation.

3-1
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It was somewhat irregularly crowned towards the left abutment. Widespread
standing water was found at the toe of the downstream face while flowing
water was observed on the lover portion of the left abutment contact. The
estimated flow has determined to be three gallons per minute (pma) by field
measurement. The upstream and downstream slopes have a fair covering of
grass with a few bushes on the upstream slope while the downstream slope has
many locust saplings. Cattails are present along the water's edge at various
locations.

The toe area was overgrown with brush and small trees. The foundation
appeared stable. It was presumed that materials used to construct the dam
were from local borrow areas the same as the upper dam.

3.1.3 Principal Spillways: Upper Dam - An 18-inch corrugated metal
pipe, located at the water's edge, serves as the principal spillway drop
inlet riser with a section of 24-inch corrugated metal pipe as a trash guard.

The 18-inch vertical riser is connected to a 12-inch corrugated metal pipe

passing through the embankment at a low level and discharging into a marsh
area in the upper reaches of the lower reservoir at the toe of the upper
dim. There Is an animal burrow next to the outlet. & pole standing
vertically in the reservoir, beyond the 18-inch corrugated metal pipe intake,
may indicate the presence of an emergency drain.

Lower Dam - An 18-inch corrugated metal pipe serves as the drop-inlet
riser of the principal spillway, with a section of 24-inch corrugated metal
pipe as a trash guard. The 18-inch CMP riser Is connected to a 12-inch
corrugated metal pipe passing through the embankment at a low level and
discharging into a small plunge pool surrounded by saplings. At the time of
inspection, the flow appeared to be from leakage rather than from normal
flow. A pole standing vertically in the reservoir, beyond the 18-inch
corrugated metal pipe intake, may indicate the presence of an emergency drain.

3.1.4 Zmeygeng Spillwas: Upper Dam - The emergency spillway is an

earthen channel located at the left abutment. The approach channel was
partially obstructed by brush and small trees. The discharge channel is down
the left abutment contact and is partially blocked by brush and small trees.

Lower Dam - The emergency spillway is an earthen channel located at the
left abutment. The approach channel was partially obstructed by a few bushes
and deposited debris. The discharge channel is down the left abutment
contact which is partially blocked by brush and trees.

3.1.5 Instrumentation: There is no instrumentation on either the Upper
or Lower Dams.

3.1.6 Reservoir Areas: Upper and Lower Reservoirs - The slopes of

both watersheds are steep and wooded with a mixture of pines and hardwoods.
Neither reservoir slope showed any signs of failure while both showed some

signs of shoreline erosion. Sedimentation was not evaluated in either
reservoir.
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j ~.3.1.7 Downstream Channel: The channel Imediately below the Upper Dam
is overgrown with cattails and is the headwater of the Lower Reservoir
whereas the channel downstream from the Lower Reservoir is a natural

*streambed through terrain characterized as hilly to mountainous. There are
two frame dwellings and a mobile home some distance downstream from the dam.

3.2 EVALUATION: Upper Dam - Overall, the dam appears to be in good
condition. However, the inspection revealed certain preventive maintenance
items which should be scheduled as part of an annual maintenance program.

These are as follows:

(a) Check the embankment for animal burrows during periodic
maintenance inspections and if found, fill with well compacted soil. These
areas should also be sodded or seeded with grass.

-l (b) Cut trees and brush on the dam to the ground and keep the
embankment mowed to maintain a grass cover and prevent the encroachment of
underbrush. All trees with diameters greater than three inches should have
the root ball and root structure removed. All subsequent holes should be
filled with well compacted soil and these areas should be sodded or seeded.

(c) Clear the underbrush and cattails from the principal spillway
outlet area.

1(d) Monitor the flows in the seep areas and should any of the flows
I a orb turbid, retain the service of a qualified geotechnical

-~~ - increase c oor thetwsin the se ra n hudayo h lw
engineering firm to evaluate the stability of the concerned dam.

-(e) Cut and control vegetation at the toe of the dam in order to
facilitate routine observation of toe area.

(f) Clear both the approach and discharge channels of the emergency
spillway to insure an unobstructed flow.

(g) Install a staff gage permanently mounted to show the depth of
flow through the emergency spillway and overtop of the dam.

Lower Dam - Overall the dam appears to be in good condition.Rowever, the inspection revealed certain preventive iatatenance items which
should be- scheduled as part of an annual maittenance program. These are as
follows:

(a) Check the embankment for animal burrows during periodic
maintenance inspections and if found fil with well compacted soil. These
areas should also be sodded or seeded with grass.

(b) Cut trees and brush on the dam to the ground and keep the
embankment mowed to maintain a grass cover and prevent the encroachment of
underbrush. All trees with diameters greater than three inches should have
the root ball and root structure removed. All subsequent holes should be
filled with compacted soil and these areas should be sodded or seeded.

3-3
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4
(c) Clear the saplings/trees/underbrush from the outlet area,

enlarge the stilling basin (plunge pool), Install riprap to prevent erosion
and clear the downstream channel to such an extent as not to impede the flow.

I(d) Monitor the flows in the seep areas and should any of the flows
increase or become turbid, retain the service of a qualified geotechnical
engineering firm to evaluate the stability of the concerned dam.

(e) Remove and control vegetation at the toe of the dam in order to
facilitate observation durinS periodic maintenance inspections.I

(f) Clear both the approach and discharge channel of the emergency
spillway to insure an unobstructed flow.

(S) Install a staff gage permanently to show the depth of flow
through the emergency spillway and over top of the dam.

A
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedures: The normal reservoir pool elevation for the Upper
Reservoir is 86.0 SL. This i the elevation of the crest of the 18-inch
corrugated metal riser pipe intake which is the principal spillway. The
Lower Reservoir has a normal pool elevation of 789.7 MSL. This is also the
elevation of the crest of the 18-inch corrugated metal riser pipe intake
which is its principal spillway. Water passes automatically over the crest
of each intake respectively as the water level in each reservoir rises above
the crest. Ultimately, water will pass through the emergency spillvay of
each reservoir when the water level rises above the elevation of the
respective crests.

4.2 Maintenance: General maintenance work is accomplished by the

property owners association at the dan as required.

4.3 Warnin!g System: At the time of Inspection there was no established
warning system or evacuation plan for the Apple Mountain Lake Dans.

4.4 Evaluation: The dams do not require an elaborate operation and

maintenance program. However, a program should be developed to help detect
" I and correct any problems that might arise.

An emergency operation and warning plan should be developed to
Include whom to notify, including local public officials in case evacuation
from the downstream area becomes necessary. The local EMERGENCY SERVICES
COORDINATOR of the STATE OFFICE OF EMERGENCY AND ENERGY SERVICES should be
included in the list of the public officials to be notified.

4-1
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SECTION 5

HYTMAMLIC/YDROLOGIC DATA

5.1 Design: None were available.

5.2 Hydrologic Records: None were available.

5.3 Flood Experience: Unknown.

5.4 Flood Potential: The 100 Year Flood, 1/2 PHI, and PHF were
developed by use of the UEC-1 computer program (Reference 2, Appendix
IV) and routed through the reservoirs by use of the NMS-DAMBIAK
computer program (Reference 3, Appendix IV) sad appropriate unit
hydrograph, precipitation and storage outflow data. Clark's Tc and R
coefficients for the local drainage areas were estimated from basin
characteristics. The rainfall applied to the developed unit
hydrograph was obtained from National Weather Service Publications
(Reference 4 and 5, Appendix IV).

5.5 Reservoir Regulation: Pertinent dam and reservoir data are
shown Inable 1.1.

Water passes automatically through the principal and.emergency
spillways as the water level in the reservoirs rises above the
spillway crests.

The storage curves were developed based on areas obtained from a
U. S. Geological Survey Quadrangle Map. Survey data taken during the

* inspection was correlated to the Linden, Virginia Quadrangle Map to
help develop the ares-storage data. Rating curves for the principal
and emergency spillways and non-overflow sections were developed. In

' routing hydrographs through the reservoirs, it was assumed that the
initial pool level was at the principal spillway crest. (Elevation

- 820.0 upper dam and 789.7 lower dam.)

5.6 Overtopping Potential: The probable rise of the reservoirs
* and other pertinent information on reservoirs performance is shown in

the following table:

5-1
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Table 5.1 RESERVOIR PERFORMANCE
4i

UPPRDAm (ID VA N0 18711)

ImNormal 100 Year 1/2PHF PFH 2/

Item Flow Flood 1/
Peakz Flow .fi .s.-

Inflow .1 92.0 363.0 726.0

Outflow .1 22.0 354.0 721.0

Maximum Elevation
ft. Mal. 820.0 822.2 824.0 824.4

Non-overf low section
(Minimm Elevation 823.2)

Depth of flow, ft. -_ -- 0.8 1.2
Duration, hrs. -- _- 1.0 1.7
Velocity, fps 3/ .... 4.1 5.1

Tailvater Elevation
ft. el 4/ 789.7

Lower Dan (ID VA No. 18709)

Peak Flow c.f.s.
Inflow .1 75.0 377.0 1100.0
Outflow .1 18.0 364.0 1083.0

Maxiuam Elevation
ft. mel. 789.7 791.2 794.0 794.5

Non-overflow section
(Mininum Elevation)

Depth of flow, ft. 793.0 - 0.7 1.2
Duration, hrs. - 2.1 2.5
Velocity, fps. 3.9 5.1

Tailwater Elevation
ft. mol. 760.9

TJ The 100-Year Flood has one chance in "lo of occurring in any given
year.
2/ The PMF is an estimate of flood discharges that my be expected from
tho most severe combination of critical meteorologic and hydrologic
conditions that are reasonably possible in the region.
3/ Critical Velocity
T1 The tallwater of the upper dan Is the water surface of the lower dam.

5-2
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5.7 Reservoir I tIn• Potential: It was not )mown if a low level

outlet for de4atering the reservoirs existed, therefore the reservoir

emptying potential was not considered.

5.8 Evaluation: Based on their size (small) and hazard
classification (ignificant) the recommended Spillway Design Flood is the

100 Year Flood to the 1/2 PHF. Because of the risk Involved, the 100 Year

Flood has been selected as the SDF. The spillway of the upper dam will
pass 6 percent of the PMF or 100 percent of the SDF. The spillway of the

lower dam will pass 4 percent of the PM? or 100 percent of the SD!.

Conclusions pertain to present day conditions. The effects of future

developmentt on the hydrology has not been considered.
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SECTION 6

DAM STABILITY

6.1 Foundation and Abutments: There is no information available
on the foundation conditions, except what can be inferred from
geologic studies of the area field observations. The Apple Mountain
dams are located near the Western edge of the Blue Ridge physlographic
province. The site Is situated at the contact of two geologic
formations: the Catoctin on the east and the narrow northeast
trending Weverton to the west. The area lies on the northwest limb of

the Blue Ridge anticlinorium, a major geologic structure of the
region.

The site is about one and a half miles north of the east-vrest trending
Front Royal fault, and is bracketed by smaller faults to the northwest
and northeast.

The basic reference for the geology of the vicinity is Geology of the
Linden and flint Hill Quadrangles, Virjnia, published ythe 'VT'rTgna
Rvision"of M r ia esources.

Most of the site is underlain by the Catoctin formation, with
bedrock here consisting chiefly on metabasalt and volcanic purple
slate. The area of the left shoreline and abutments of both lakes are
underlain by the Weverton formation, characterized by quartzite and
quartz pebble conglomerate, sandy phyllites, and sandstone bedrazk.
Weathered exposures of both formations may be observed at the site.

Although there are no known existing records documenting the

construction of the dam, good engineering practice would have been to
excavate down to the shale bedrock, either over the entire base area
of the dam or at least for a cutoff trench section. This would beIfacilitated by the fact that the bedrock should be at a relatively
shallow depth, judging from the presence of nearby outcrops. This was
in fact done, according to Mr. Goodwin Moore of Moore, Kelly, and
Reddish, who in the course of a subsequent inspection of another dam
which he had built, indicated that he had constructed the Apple
Mountain dams also. He also said that the embankments were
constructed with the clayler material in the cutoff trench and the
central portions of the dams. Toe drains were not included in the
design.

The soils in the area appear, on the basis of limited field
observation, to be residual silts and silty clays of sedium to high
plasticity foosed by weathering of the underlying rock. They should
be relatively impervious and stable, particularly if care was taken
during construction to guard against the potential problems associated
with plastic clays. Bedding and foliation planes in the bedrock in
the vicinity strike in a direction generally perpendicular to the axes
of the dams, providing potential avenues of seepage.

6-1
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However, the compact character of such of the bedrock typical of the
area is such that in an unweathered, unfractured condition, would not
be a problem.

There are several vet spots on the site that have the appearance of
natural springs, but there was no present evidence of excessive
seepage beneath or through the dams. However, it appears that on the
Upper Apple Mountain dam a line of seepage may be breaking out over
about one-third of the downstream face (toward the left abutment) at
roughly the elevation of the foot path which traverses the downstream
face in that area. In conclusion, foundation conditions for both of
the dams would be generally good.

6.2 Embankment:

6.2.1 Material: There is little information available on the

nature of the embankment materials, although Mr. Moore indicated that
a sufficient quantity of clayey material was available to form cores
for the embankments. It is likely that the source of borrow for the
dams was located in the vicinity of the lakes, with a considerable
portion probably coming from withit the area presently covered by the
impoundments. As noted, the area soils appear to be residual silts
and silty clays of medium to high plasticity.

6.2.2 Stability: There are no available stability calculations.
The Upper dam is 33.4 feet high and 13 feet wide at the crest. Its

upstream slope is 2.2H:lV and the downstream slope is 2.51:lV. The
dam was designed for a normal pool elevation of 820.0 HSL feet. The
maximu storage pool is 822.1, the elevation of the emergency

, spillway's lowest point. The dai ts not presently subjected to a
sudden drawdown. A low level drain, if in fact present, is assumed to

* be inoperable at this time. The existing pool is approximately
* 2.3 feet below maxim= control storage pool which is at the crest of

the emergency spillway; in other words, there is presently 2.3 feet of-4 freeboard. It is not known for a certainty whether or not the dam has
ever been subjected to a maximum control storage pool (water at the

*elevation of the emergency spillway), but it is doubtful that it has.

The dimensions of the Lower dam are generally similar. It is
32.9 feet high and 14.5 feet wide at the crest. Its upstream slope is
2.2R:lV and the downstream slope is 2.5R:lV. The dam was designed for
a normal pool elevation of 789.7 NSL feet. The maxim storage pool
is 792.3 MSL, which is the elevation of the emergency spillway's
lowest point. The dam is not presently subject to a madden drawdown.
A low level drain, if in fact present, is assumed to be inoperable at
this time. The existing pool is approximately 4.7 feat below maximum
control storage pool which is at the crest of the emergency spillway;
in other words, there is presently 4.7 fet of freeboard. It is not
known for a certainty whether or not the dam has ever been subjected
to a maximm control storage pool (water at the elevation of the
emergency spillway), but it is doubtful that it has.
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According to the guidelines presented in Design of Small Dons,
U.S. Department of the interior, Bureau of Reclamation, the slopese
recoamended for a homogeneous small d-m of f'if isfertal not
subjected to a rapid drawdown are 38:1V upstream and 2.5H:lV
downstream. The recomended width is 16.5 feet.

Based on these guidelines, the Upper dam has an inadequate upstream4 islope, and an adequate downstream slope. Its crest width of 13.0 feet
is somewhat less than recommended. Although both dams are reported tohave been constructed with a central core, because neither the exact
nature of the material used to construct the core and outer portions
nor the dimensions of the central portion are known, the dams are
considered to be homogeneous for the purpose of stability assessment.

IThe same slope and width criteria apply to the lower dam, so based
on the same guidelines, the Lower dam also has an inadequate upstream
slope and an adequate downstream slope. The lower dam's crest width
is tw feet less than the recommended 16.5 feet.

6.2.3 Seismic Stability: The site is located in Seismic Zone 2.
Therefore, according to the Recommended Guidelines for Safety
inspection of Dams, the dams are conesiered to have no hazard from
eath qkes provided that static stability conditions are satisfactory

* and conventional safety margins exists.

6.3 Evaluation: There is Insufficient information to adequately
evaluate the stability of the dames. However, the visual inspection
revealed ro apparent instability. The apparent seepage line on the
downstream face of the Upper dam should be observed regularly. Should
it extend all the way across the dam or higher up on its downstream

* + face, or if sloughing or sliding or other indications of instability
become apparent on the downstream face, a geotechnical engineering
firm should be consulted for recomendations to avoid a possible slope
faltare. Based on the Bureau of Reclamation guldeline4, tht ,upstream
slopes of both dams are inadequate, the downstream selp* are
adequate, and the crest widths are somewhat less than recommended.
The embankments are considered stable during both normal pool and
maximum storage pool operations. In addition, overtopping is not a
problem because the spillways will pass the spillway design flood
(100-year flood) selected for these structures without overtopping
them. Stability calculations are not required.
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SECTION 7

ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment: The visual Inspection did not reveal any findings
that would prove the dams unsound. Overall, the dams are in good conditions
and there is no immediate need for remedial measures.

There is no regular maintenance program nor is there an emergency warning
plan.

The Corps of Engineers guidelines indicate the appropriate Spillway Design
Flood (SD?) for these dams is the 100-year flood since each dam is classified
as being small size with a significant hazard classification.

The spillway for the Upper dam will pass 6 percent of the PMF and 100 percent
of the SDF without overtopping the dam. Therefore, the spillway is adjudgedA tas adequate. The spillway for the Lower Dam will pass 4 percent of the PMF
and 100 percent of the SDF without overtopping the dam. Therefore, the Lower
Dam spillway is adjudged as adequate.

A stability check at this time is not required for either dam.
7.2 RECOMMENDED REMEDIAL MEASURES: It is recommended that a regular

maintenance program be fo, .' Ized for future reference. A formal emergency
procedure and warning system should be developed and put into operattori as
soon as possible. This should include how to operate the dam during an
emergency, and who to notify, including public officials, in case evacuation
from the downstream area is necessary. The local Emergency Services
Coordinator of the State Office of Emergency and Energy Services can assist
in the preparation of an Emergency Warning Plan.

Also, the inspection revealed the following maintenance items that should be
scheduled during a regular maintenance period within the next 12 months:

(a) Check the embankments for animal burrows during periodic maintenance
inspections and if Found, fill with well compacted soil. These areas sh,,.
also be sodded or seeded with gr:I:.

(b) Cut trees and brush on the dams to t&t ground and keep the
embankments mowed to maintain a grass cover and prevent the encroachment of
underbrush. All trees with diameters greater than three inches should have
the root ball and root structure removed. All subsequent holes should be
filled with well compacted soil and these areas should be sodded or seeded.

(c) Cut control vegetation at the toes of the dams in order to
facilitate observation during periodic maintenance inspections.

(d) Clear both the approach and discharge channels of the emergency
spillways of each dam to insure an unobstructed flow.

7-1
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(e) Install staff gages permanently in such a manner to determine
the depth of water flowing through each emergency spillway and depth
overtop of each dam should it occur.

(f) Monitor the flows in the seep areas and should any of the
flows Increase or become turbid retain, the service of a qualified
geotechnical engineering firm to evaluate the stability of the
concerned dam.
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APPENDIX II

PHOTOGRAPHS



PHOTO ICREST OF LOWER DAM

PHOTO 2 CREST 81 UPSTREAM FACE

& OF LOWER DAM



PHOTO 3 DOWNSTREAM FACE
OF LOWER DAM

4#

-

PHOTO #4 VIEW FROM CREST OF UPPER
DAM LOOKING DOWNSTREAM
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PHOTO 5 CREST OF UPPER DAM

PHOTO 6 INTERCEPTED FLOW FROM SEEP/
SPRING NEAR CONTACT OF LT.
ABUTMENT- EMBANKMENT OF
LOWER DAM
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APPERDIX III

FIELD OBSERVATIONS
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